INTRODUCTION
Chagas' disease is the consequence of infection by the hemoflagellate protozoan Trypanosoma cruzi. The most important consequence of the infection for the esophagus is the loss of the myenteric plexus, causing esophageal motility alterations similar to those seen in esophageal idiopathic achalasia, absent or partial lower esophageal sphincter relaxation and simultaneous contractions of low amplitude in the esophageal body (6, 7, 19) . The response of the esophageal body to wet swallows in healthy subjects is different from that of dry swallows (8, 14, 22) , what may be the consequence of afferent input received by swallowing neurons (15) . The esophageal body has phasic contractions and resting muscle tone. Esophageal tone is the consequence of passive components of the esophageal wall and a neurally mediated active component. This tonic contractile activity is modulated by a cholinergic neural excitatory input (24) . The loss of this excitatory input might affect the response to wet and dry swallows.
Our hypothesis is that in Chagas' disease, as a consequence of the loss of the myenteric plexus, the esophageal response to wet swallows is similar to that of dry swallows and that the ageing process may cause further alterations of the esophageal contractions after wet and dry swallows.
METHODS
We studied 30 patients with dysphagia for solids and liquids, no regurgitation, esophageal radiologic examination with barium retention, slow transit, esophageal diameter less than 4 cm, and a positive serologic test for Chagas' disease. Slow transit was found when the barium sulfate took more than 10 seconds to cross the esophageal body. All had an epidemiologic history of having lived in endemic areas of the disease during some time in childhood. Endoscopic examination did not detect alterations in the esophageal mucosa. The patients (13 men and 17 women aged 34 to 77 years, median 60 years) were divided into a younger group, aged 34 to 59 years, median 51 years (n = 15), with a duration of dysphagia of 1 to 40 years, median 5 years, and an older group aged 61 to 77 years, median 66 years (n = 15), with a duration of dysphagia of 1 to 60 years, median 10 years. They had not received previous treatment by pneumatic dilatation or esophagomyotomy and were living with mild dysphagia, eating slowly soft food, and sometimes drinking water during meals. The intensity of dysphagia was similar in the two groups.
The control group consisted of 44 subjects, 11 men and 33 women, aged 18 to 78 years, median 43 years. The controls were submitted to esophageal manometry during the investigation of gastroesophageal reflux disease, and had normal esophageal endoscopic and radiologic examinations. The protocol of manometric examination was approved by the Human Research Ethics Committee of the University Hospital of Ribeirão Preto, SP, Brazil.
The manometric examination was performed with a round eight-lumen polyvinyl catheter with an outer diameter of 4.5 mm and an inner diameter of 0.8 mm (Arndorfer Specialities, Inc, Greendale, Wisconsin, USA). The four proximal lateral openings of the catheter were spaced 5 cm apart at 90º angles. They were connected to external pressure transducers (pvb Medizintechnik Gmb H, Kirchseeon, Germany), which in turn were connected to a PC Polygraph HR (Synectics Medical, Stockholm, Sweden). The manometric signals were stored in a computer. During the manometric recordings, a minimally compliant pneumohydraulic pump (JS Biomedicals, Ventura, CA, USA) perfused distilled water at 0.5 mL/min through each lumen.
All individuals were studied in the supine position after 12 h of fasting. The catheter was introduced through the nose. For the study of esophageal contractions, the catheter was positioned with the proximal opening located 2 cm below the upper esophageal sphincter (UES) and the other openings located at 7, 12 and 17 cm from the UES. Five swallows of a 5-mL bolus of water alternated with five dry swallows were performed with an interval of at least 20 seconds between the successive swallows.
Using the computer Polygram Upper GI software version 6.4 (Gastrosoft, Stockholm, Sweden), we measured the area under the curve (AUC) of the contractions, which represents amplitude x duration ( Figure 1 ). : P <0.04 vs controls dry (b) : P <0.02 vs Chagas dry (c) : P <0.01 vs Chagas wet and dry : P <0.04 vs older dry (b) : P <0.05 vs older wet and dry Data were analyzed statistically by the Kruskal-Wallis and Mann-Whitney tests. The results are reported as mean ± SEM and median.
RESULTS
The AUC of the contractions in controls was higher after wet swallows than after dry swallows (Table 1) . There was no difference between contractions after dry swallows in controls and contractions after wet and dry swallows in patients with Chagas' disease. There was also no significant difference between the contractions after wet and dry swallows in Chagas' disease. At 12 and 17 cm from the UES, the contractions after wet swallows had a greater area in controls than in Chagas' disease patients (Figure 2) .
Younger and older patients with Chagas' disease did not have differences in contractions when comparing wet and dry swallows ( Table 2) . At 12 and 17 cm from the UES, the contractions after wet and dry swallows had higher AUC in younger patients than in older patients (Figure 3). v. 45 -no.3 -jul./set. 2008 
DISCUSSION
Wet swallows cause significantly greater esophageal contraction amplitude and duration than dry swallows (2, 8, 14, 21, 22) . We have shown that in patients with esophageal involvement by Chagas' disease wet and dry swallows caused similar esophageal contractions, which were also similar to those seen with dry swallows in the control group. In the distal esophageal body, younger patients with Chagas' disease had a higher contraction complex than older patients after wet and dry swallows, all with an esophageal diameter of less than 4 cm.
The swallowing neurons of the central nervous system receive sensory information from pharyngeal and esophageal receptors. The central program may be modified by peripheral afferents that adjust the motor sequence to the size of the swallowed bolus (15) . The different response to wet and dry swallows is regulated by afferent information from the esophagus (14) that comes mainly from the distal esophagus, with possible regional differences in esophageal stretch receptors (8) . Some primary afferent neurons are considered to be located in the myenteric plexus and to innervate sensory receptors in the mucosa (12) . Impairment of esophageal stretch and sensory receptors has been suggested to occur in Chagas' disease (10) . Balloon distension inside the esophageal body showed a significantly higher esophageal compliance when compared to controls, and a need for a greater intraballoon volume to cause chest pain (10) . A low resting tone is present in the esophageal body, which might modulate the progression of a bolus through the stomach or the proximal extent of gastroesophageal reflux (24) . This esophageal tone may be absent in Chagas' disease. The strength and propagation of phasic peristaltic esophageal contraction depend on neural and myogenic properties and a critical balanced interaction between a cholinergic excitatory system and a nitrergic inhibitory system (24) . Normal subjects have an esophageal tone that has a cholinergic component, as demonstrated by the reduction in tone by atropine (18) . In Chagas' disease, both excitatory and inhibitory innervations are impaired (3, 6, 16, 19) . Esophageal peristalsis does not require the presence of a bolus to support propagation through the esophagus, but with a bolus the esophageal peristalsis has a more important contraction than without a bolus. In Chagas' disease a bolus inside the esophagus does not change the contraction response. Peristaltic contraction in the smooth muscle segment of the feline esophagus is mediated via nicotinic ganglionic stimulation of postganglionic cholinergic nerves. The postganglionic release of acetylcholine stimulates esophageal smooth muscle cells via a direct action on M2 muscle receptors (1) . This innervation is at least partially lost in Chagas' disease (16, 19) , causing a significant impairment of esophageal contraction (4, 7) . In the lower esophageal sphincter, the cholinergically mediated component of the sphincter tone is also absent (5) . It is possible that in Chagas' disease the esophageal body does not have the capacity to change the contraction intensity with a bolus inside the organ by the impairment of the sensitivity or by the loss of the muscle capacity to increase the contraction intensity. The contraction intensity increases significantly when a cholinergic mediator (mecholyl) is given to a Chagas' disease patient with esophageal achalasia (19) , suggesting that the esophageal body is able to increase the contractions, at least with a cholinergic stimulus.
We observed a possible ageing effect on the esophageal contractions in patients with Chagas' disease. The contractions in the distal esophagus were less intense in patients older than 60 years than in patients younger than 60 years. All patients had a similar esophageal diameter, less than 4 cm, which is considered to be grade I in our radiologic classification, without esophageal dilatation but with esophageal retention and slow transit (17) . Previous reports have shown that the ageing process alone does not decrease contraction amplitude and/or duration. HOLLIS and CASTELL (13) found no alterations of esophageal function with ageing. RICHTER et al. (21) found that ageing had no effect on the mean amplitude and duration of contractions elicited by dry swallows, but mean distal esophageal contractile amplitude and duration after wet swallows increased with age and peaked in the fifties. RIBEIRO et al. (20) found that the amplitude and duration of peristalsis were similar between a group of patients older than 75 years and a group younger than 50 years. FERRIOLLI et al. (11) also did not find differences in amplitude of contractions in normal volunteers aged 20-30 years, 50-60 years and 70-80 years. The mean duration of contractions in the distal esophagus was longer in the 70-80 year old group than in the 20-30 year old group.
Ageing causes loss of neurons in the esophageal myenteric plexus (9, 16, 23) . It is possible that in Chagas' disease patients, there is a further loss of neurons of the myenteric plexus in subjects already with some degree of reduction. In patients without an increase in esophageal diameter, there is a less intense loss of neurons compared to that seen in patients with esophageal dilatation (megaesophagus) (16) , a fact that may explain the possibility of further denervation. The capacity of contraction in patients with esophageal dilatation is reduced when compared with patients without esophageal dilatation (6) . In the majority of patients with Chagas' disease, the esophageal disease remained stationary for a long time before the ageing process influenced the motility (17) . The phenomenon of a decrease in the overall population of enteric neurons with ageing has been observed in various regions of the human gastrointestinal tract, with the enteric sensory neurons being particularly susceptible to neurodegeneration with age (7) . We performed five wet and five dry swallows because previous evaluation of esophageal contractions in normal subjects and patients with Chagas' disease showed that five swallows have a similar mean amplitude and duration as 10 swallows (24) .
In conclusion, in control subjects wet swallows cause more intense esophageal contractions than dry swallows. In Chagas' disease patients, the contractions have the same intensity with wet or dry swallows, both similar to that seen with dry swallows in control subjects. The ageing process in Chagas' disease causes further esophageal impairment after wet and dry swallows. The present results suggest that the loss of modulation of contraction by the bolus may be due to the loss of the esophageal myenteric plexus.
